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Abstract 

By analogy with the octonionic electromagnetic and gravitational interactions, the octonionic 
strong and weak interactions and their quantum interplays are discussed in the paper. In the 
weak interaction, the study deduces some conclusions of field sources and intermediate 
particles, which are consistent with the Dirac equation, Yang-Mills equation and some new 
intermediate particles etc. In the strong interaction, the research draws some conclusions of 
the field sources and intermediate particles, which are coincident with the Dirac-like equation, 
three kinds of colors and some new intermediate particles etc. The researches results show 
that there exist some new field source particles in the strong and weak interactions. 

Keywords: octonion space; strong interaction; weak interaction; quantum; color. 
1. Introduction 

The physics of strong and weak interactions is undoubtedly one of the most challenging areas 
of modern science. The strong and weak interactions keep providing new experimental 
observations, which were not predicted by 'effective' theories. It retains the problems in 
describing all the observed phenomena simultaneously. The deep understanding might have 
further far-reaching implications in strong and weak interactions. 

A new insight on the problem of strong and weak interactions can be given by the concept 
of the octonionic space. By analogy with the electromagnetic-gravitational field theory, the 
concepts of the octonionic space and four kinds of subfields can be spread to the strong-weak 
filed. According to previous research results of the electromagnetic-gravitational field and the 
'SpaceTime Equality Postulation' , the strong and weak interactions can be described by the 
quaternionic space [1]. Based on the conception of the space verticality etc., two types of 
quaternionic spaces can be united into an octonionic space. In the octonionic space, the strong 
and weak interactions can be equally described. So the physical characteristics of field 
sources particles and intermediate particles of the strong-strong, weak-weak, strong-weak and 
weak- strong subfields can be described by the octonionic space uniformly. 
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The paper describes the strong-weak field and their quantum theory, and draws some new 
conclusions which are consistent with the Yang-Mills equation and three kinds of colors etc. 
In the octonionic strong-weak field, a few predictions which are associated with the quantum 
movement feature of quarks and leptons can be deduced, and some unknown and new inter- 
mediate particles can be achieved in the study. 

2. Octonionic electromagnetic-gravitational field 

The electromagnetic and gravitational interactions are interconnected, unified and equal. Both 
of them can be described in the quaternionic space. By means of the conception of the space 
expansion etc., two types of quaternionic spaces can combine into an octonionic space 
(Octonionic space E-G, for short). In the octonionic space, various characteristics of electro- 
magnetic and gravitational interactions can be described uniformly, and some equations set of 
the electromagnetic-gravitational field can be attained. 

There exist four types of subfields and their field sources of electromagnetic-gravitational 
field. In Table 1, the electromagnetic-electromagnetic subfield is 'extended electromagnetic 
field', and its general charge is E electric-charge. The gravitational-gravitational subfield is 
'modified gravitational filed', and its general charge is G gravitational-charge. Meanwhile, 
electromagnetic-gravitational and gravitational-electromagnetic subfields are both long range 
fields and candidates of the 'dark matter field'. And their general charges (G electric-charge 
and E gravitational-charge) are candidates of 'dark matter'. The physical features of the dark 
matter meet the requirement of field equations set in Table 2. 



Table 1 . Subfield types of electromagnetic-gravitational field 





Electromagnetic Interaction 


Gravitational Interaction 


electromagnetic 
quaternionic 
space 


electromagnetic-electromagnetic 
subfield, E electric-charge, 
intermediate particle y ee 


gravitational-electromagnetic 
subfield, E gravitational-charge, 
intermediate particle y ge 


gravitational 
quaternionic 
space 


electromagnetic-gravitational 
subfield, G electric-charge, 
intermediate particle y eg 


gravitational-gravitational 
subfield, G gravitational-charge, 
intermediate particle y gg 



The electromagnetic-gravitational and gravitational-electromagnetic subfields are both long 
range fields and candidates of dark matter field. The field strength of the electromagnetic- 
gravitational and gravitational-electromagnetic subfields may be equal and a little less than 
that of gravitational-gravitational subfield. The dark matter field has the following prediction. 
Two types of field sources possessed by the dark matter field would make the dark matter 
particles diversiform. The research results explain that some observed abnormal phenomena 



2 



about celestial bodies are caused by either modified gravitational interaction or dark matter. 



Table 2. Equations set of electromagnetic-gravitational field 



fcj L'llv V LI I 11V^ 


Octonionic snare F-Ct 


X physical quantity 


X — Xe-C 


Field potential 


a= o*°x 


Field strength 




Field source 


cliS = c (S/c +0)* o 2 


Force 


Z = c(2/c+0) ° 5 


Angular momentum 


M ,5" (K + k rx X) 


Energy 


lV = c(2/c+0)* ° 


Power 


jv= c (s/c +<» ° 



In the octonionic space E-G, the wave functions of the quantum mechanics are the 
octonionic equations set. And the Dirac and Klein-Gordon equations of the quantum 
mechanics are actually the wave equations set which are associated with particle's wave 
function *F = M/ ft . Wherein, the wave function *F can be written as the exponential form 
with the octonionic characteristics. The coefficient h is Planck constant, and h = h/2n . 

By comparison, we find that the Dirac and Klein-Gordon equations can be attained 
respectively from the energy quantum equation and the power quantum equations after 
substituting the operator c (S/c +O) for {"VK/ (eh )+0 }. By analogy with the above equation, 
the Dirac-like and the second Dirac-like equations can be procured from the field source and 
force quantum equations respectively. Wherein, 2/ ft is the wave function also. [2] 



Table 3. Quantum equations set of electromagnetic-gravitational field 



Energy quantum 


1i = CWlc+ftO)* °{Mlft) 


Power quantum 


£ = (W/c+hO)°(lL/h) 


Field source quantum 


r= OV/c+hO)*°CB/h) 


Force quantum 


o = (W/c+hO)°(77h) 



3. Octonionic strong-weak field 

3.1 Octonionic space 

By analogy with the octonionic spacetime of electromagnetic-gravitational field, the strong- 
weak field possesses its own octonionic spacetime. According to the 'SpaceTime Equality 
Postulation', the spacetime, which is associated with the strong interaction and possesses the 
physics content, is adopted by the quaternionic space. And the spacetime derived from the 
weak interaction is supposed to be the quaternionic space also. 

The strong and weak interactions are interconnected, unified and equal. Both of them can 



3 



be described in the quaternionic space. By means of the conception of the space expansion 
etc., two types of the quaternionic spaces can combine into an octonionic space (Octonionic 
space S-W, for short). In the octonionic space, various characteristics of the strong and weak 
interactions can be described uniformly, and some equations set of the strong-weak field can 
be obtained. 

The base T s of the quaternionic space (S space, for short) of the strong interaction is T s = 
(1, i , j , k ) . The base 2T W of the quaternionic space (W space, for short) of the weak 
interaction is independent of the base T s . Selecting T w = (1, i , j , k)° 6 = (e , 7, /, 
K ). So the base X s and 2: w can constitute the base T of the octonionic space S-W. 

£= % + £w = (l, I, j, k, e, I, J, K) (1) 



Table 4. Octonion multiplication table 
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i 


j 


k 


e 


I 


J 


K 


1 


1 


i 


J 


k 


e 


I 


J 


K 


i 


i 


-1 


k 


-J 
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-e 


-K 
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-k 
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-I 
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- i 
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-J 
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-e 
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-I 


-J 
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- i 


-1 
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e 


-I 
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-1 


-i 
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-J 
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-k 


-J 
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-1 



The displacement ( r , ri , r 2 , r 3 , Ro , Ri , R 2 , R3 ) in the octonionic space is 

H = (r Q + Ir l +jY 2 + kT 3 ) + (e R0+/R1 +7r 2 + ^R 3 ) (2) 
where, r = ct, R = cT. c is the speed of intermediate particles, t and T denote the time. 
The octonionic differential operator and its conjugate operator O are defined as, 

= O s + Ow , 0* = 0\ + 0*w (3) 

where, O s = 5 s0 + 1 9 s i + j d s2 + k 5 s3 , O w = e d wQ + 1 d w i + Jd w2 + K d w3 . 3 sj = 3/5rj, 

e WJ = a/5Rj,j = o, 1,2,3 . 

After checking, the octonionic differential operator meets (Q is an octonion) 

0*°(0 °£) = (0*° 0)°£ = (0 0*)°£ (4) 

In the strong-weak field, the field potential ( a , ai , a 2 , a 3 , k sw A , k sw Ai , k sw A 2 , k sw A 3 ) 
is defined as 

A= <>*°X 

= (a + / ai +j a 2 +k a 3 ) + k sw (e A +7 A, +/A 2 + ^A 3 ) (5) 
where, k rx X = k s lx X s + k w rx X w ; X s is the physical quantity in S space, and X w is the 
physical quantity in W space; k sw is the coefficient. 

3.2 Equations set of strong- weak field 

In strong-weak field, there exist four types of subfields and their field sources. The subfields 
of the strong-weak field are short range. In Table 5, the strong-strong subfield may be 
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'extended strong field' , its general charge is S strong-charge. The weak- weak subfield may be 
regarded as the 'modified weak field', and its general charge is W weak-charge. And the 
strong-weak and weak-strong subfields may be regarded as two kinds of new and unknown 
subfields. Their general charges are W strong-charge and S weak-charge respectively. 

It can be predicted that the field strength of the strong-weak and weak-strong subfields may 
be equal, and both of them are weaker than that of weak-weak subfield. Sometimes, the first 
two subfields may be regarded as 'familiar weak field' mistakenly. Therefore three kinds of 
colors have to introduce into the familiar weak interaction theory to distinguish above three 
types of weaker subfields of strong-weak field. The physical features of each subfield of the 
strong-weak field meet the requirement of Eqs.(6) ~ (11). 



Table 5. Subfield types of strong- weak field 





Strong Interaction 


Weak Interaction 


strong 
quaternionic 
space 


strong- strong subfield 

S strong-charge 
Intermediate particle y ss 


weak- strong subfield 
S weak-charge 
intermediate particle y ws 


weak 
quaternionic 
space 


strong-weak subfield 
W strong-charge 
Intermediate particle y sw 


weak-weak subfield 
W weak-charge 
intermediate particle y ww 



In the strong-weak field, the definition of the field strength is very different from that of the 
electromagnetic-gravitational field, and thus the succeeding equations and operators should be 
revised. By analogy with the case of the electromagnetic-gravitational field, the octonionic 
differential operator O in the strong-weak field needs to be generalized to the new operator 
(J4/k That is because of the field potential is much more fundamental than the field 

strength, and the strong-weak field belongs to short range. Therefore physical characteristics 
of the strong-weak field can be researched from many aspects. Where, k = c is the constant of 
the strong-weak field. 

The field strength S of the strong-weak field can be defined as 

$ = (JA/k+0)° A (6) 
then the field source and the force of the strong-weak field can be defined respectively as 

kLiS = k(JZl/k+0)*° 2 (7) 
Z = k(J4/k+0) o 5 (8) 
where, the mark (*) denotes octonionic conjugate. The coefficient ix is interaction intensity of 
the strong-weak field. 

As a part of the field source S, the item °S/k) has an important impact on the 
subsequent equations. In strong-weak field, the conserved zero-field can be attained when the 
item O ° S = 0, the force-balance equation can be achieved when the force Z = 0. 

The angular momentum of the strong-weak field can be defined as 
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M = S° CR + k rx X) (9) 
and the energy and power in the strong-weak field can be defined respectively as 

^V = k(JA/k+0)* ° M (10) 
JV=k(J2l/k+0) ° MV (11) 
The above equations show that, the angular momentum M, energy "VKand power Jsf of the 
strong-weak field are different to that of the electromagnetic-gravitational field. The physical 
quantity X has effect on the field potential <>' o X, the angular momentum S ° X , the energy 
J4-* ° (S ° X) and the power (JA ° JA ) ° (S ° X) . The introduction of the physical quantity X 
makes the definition of the angular momentum M and the energy W more integrated and 
complicated, and the theory more self-consistent. 

In the above equations, the conservation of the angular momentum in the strong- weak field 
can be gained when W = 0, and the energy conservation of the strong-weak field can be 
attained when Jsf- 0. 



Table 6. Equations set of strong- weak field 



Spacetime 


Octonionic space S-W 


X physical quantity 


X — Xs-W 


Field potential 


A= o*°x 


Field strength 


2 = (J4/k+0)° 


Field source 


ku5 = k(JZl/k+0)*° 2 


Force 


Z = k(J4/k+0)° 5 


Angular momentum 


M ,5" (Ti + k rx X) 


Energy 


lV^k(JA/k+0) * ° M 


Power 


JV=k(J4/k+0) ° MV 



4. Quantum equations set of strong-weak field 

In the octonionic space S-W, the wave functions of the quantum mechanics are the octonionic 
equations set. And the Dirac and Klein-Gordon equations of the quantum mechanics are 
actually the wave equations set which are associated with particle's wave function ¥ = M/b. 
Wherein, the wave function ^ = 5° (H + k rx X)/b can be written as the exponential form with 
the octonionic characteristics. The coefficient b = h s-w is the Plank-like constant. 

4.1 Equations set of Dirac and Klein-Gordon 

By comparison, we find that the Dirac equation and Klein-Gordon equation can be attained 
respectively from the energy equation (10) and power equation (11) after substituting the 
operator k (J4/k +0) for (W/cb +0). 

The IX equation of the quantum mechanics can be defined as 

U = OVIc + bO)* °(Mlb) (12) 

The L equation of the quantum mechanics can be defined as 
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£ = OV/c + bO)°(V./b) (13) 
From the energy quantum equation 11 = 0, the Dirac and Schrodinger equations in the 
strong-weak field can be deduced to describe the field source particle with spin 1/2 (quark and 
lepton etc.)- From the power quantum equation £ = 0, the Klein-Gordon equation in the 
strong-weak field can be obtained to explain the field source particle with spin 0. 

4.2 Equations set of Dirac-like 

By analogy with the above equations, three sorts of Dirac-like equations can be procured from 
the field strength equation (6), field source equation (7) and force equation (8) respectively. 
Wherein, J\/bis the wave function also. 

The (g equation of quantum mechanics can be defined as 

Q = OV/c + bO)° (J47b) (14) 
The Tequation of quantum mechanics can be defined as 

T=(Wlc + b<»* °{<glb) (15) 
The O equation of quantum mechanics can be defined as 

O = OWc + bO)°(07b) (16) 
From the field strength quantum equation Q = 0, Eq.(14) in the strong-weak field can be 
achieved to make out the first type of intermediate particles (intermediate boson etc). From 
the field source quantum equation 'T - 0, Eq.(15) in the strong- weak field can be described 
the second type of intermediate particles. From the force quantum equation O = 0, Eq.(16) in 
the strong- weak field can be attained to explain the intermediate particles. 



Table 7. Quantum equations set of strong-weak field 



Energy quantum 


U = (W/c + bO)* ° (M/b) 


Power quantum 


£ = OY/c + bO)°(lL/b) 


Field strength quantum 


£ = OV/c + bO)°(JZL/b) 


Field source quantum 


T= OV/c + bO)*° (Cjlb) 


Force quantum 


= OV/c + bO)°cT/b) 



5. Approximate cases 

In the Eq.(6) of strong-weak field, the Yang-Mills equation can be achieved when the field 
potential are limited to the components (do , CL\ , Obi . da )• In the Table 5, each flavor of quark 
will occupy three kinds of colors to distinguish different quarks, when the quark particles 
possess the S strong-charge together with other general charges. In strong-weak field, Dirac 
equation and Klein-Gordon equations can be gained from Eqs.(12) and (13) respectively. The 
Dirac-like equation can be obtained from Eq.(14), and other sorts of equations set can be 
attained from the Eqs.(15) and (16) respectively. 

5.1 Yang-Mills equations 
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In the octonionic space, the field potential (5) of strong-weak field can be rewritten as 
JA-Oo + i ° a.i+j° a 2 +k° a 3 +e °J4o + /°J z li + 7°J Z L 2 + K°A 3 
where, the field potential components a s and Jlj are the octonionic function. 
In the strong-weak field, the field strength equation (6) can be decomposed to 
2 = (J4/k + 0)°A 

= {(d s0 + i Ssi +j d s2 +k d s3 +e d w0 + I d wi + Jd w2 + Kd w3 ) 

+ (Oo + i ° a x +] ° a 2 +k ° a 3 +e °JAq + I °JK. X +J°JA 2 + K °JA£lk } 
° (ao + i ° a x +] ° a 2 +k ° a 3 +e °JAo+I °J4.i +J°JA. 2 +K°JA 3 ) 
= 2 'oo + S 'oi + 2? 'o2 + S 'o3 + S '23 + S '31 + 2? 12 

+ S 2 oo + S 2 l + S 2 2 + S 2 3 + S 2 2 3 + S 2 31 + S 2 i2 
+ 2? 3 oo + 2> 3 oi + S 3 02 + S 3 03 + 2 3 23 + S 3 3i + S 3 i2 

+ S 4 (X) + S 4 oi + S 4 02 + S 4 03 + S 4 23 + S 4 3i + 2? 4 i2 (17) 

where, the field strength can be separated to the following octonionic components, 

2? '00 = {Sso Oo-0 s i a-i -d s2 a 2 - d s3 a 3 ) 

+ {do ° Oo + (i ° a0° (i ° a{) + ( j ° a 2 ) ° (j ° a 2 ) + (k ° a 3 ) ° (fc ° a 3 )}/k 
S'm = i ° (5 s0 a, +5 sl Oo) + {flo° ° <h) + (J ° «i) ° «o}/k 
2?'o 2 = j ° (5 s o a 2 + 5 s2 Oo) + {Oo ° ( J ° a 2 ) + (j ° a 2 ) ° Oo}/k 
S'o3 = ° (Sso a 3 + S s3 ao) + {Oo ° (k ° a 3 ) + {k° a 3 ) ° Oo}/k 
2?' 23 = { j ° (k ° s2 as) +^ (j ° 5s3 a 2 )} 

+ {( J ° a 2 ) ° (k ° a 3 ) + (fc ° a 3 ) ° ( j ° a 2 )}/k 
2? 1 31 = { k ° ( i °d s3 ai)+i ° ( k ° d s] a 3 ) } 

+ {(£ ° a 3 ) ° (i ° aO + ( / ° di) ° (& ° a 3 )}/k 
S 1 i2={?°(7°S s i a 2 ) + 7°(r°5 S 2 aOJ 

+ {( i o aO » ( 7 ° a 2 ) + ( 7 ° «a) (* ° «0}/k 
2? 2 00 = { e ° wO Oq+/° (i ° w i aO +J° (j ° d w2 a 2 )+K° (k ° w3 a 3 )} 

+ {oo ° (e °Jzio) + (I o aO ° (/ ) + ( 7 °_«2 ) ° (7^ 2 ) + (* o a3 ) . (K°A 3 )}/k 

5 2 01 = {e»(io 5w0 ai ) +/ o e wl oo } + {oo o (/ ojztj ) + ( ; ai ) . (e ^ )} /k 

5 2 02 = {e»(]»a w0 a 2 ) +/° w2 oo } + {ao ° (7°J4. 2 ) + (7° aa) " (c °J4o)} /k 

5 2 03 = { e ° (A: » 5 w0 a 3 ) +^°5 w3 ao } + {flo° (^°-^ 3 ) + (k ° a 3 ) °(e ^ )} /k 

S 2 23 = { 7° (fc o a w2 a 3 )+K°(] o 5 w3 a 2 )} + j(ra 2 )» (^°JZl 3 ) + U • a 3 ) • (/°^l 2 )} /k 
S 2 31 = (i °0 w3 ck)+I° (k o w i a 3 )} + {(/c • a 3 )°(/°J^i) + (i ° ai)°(i"°J^ 3 )} /k 
S 2 i 2 = { 7° (7 ° 0wi fla) +7° (i ° w2 aO} + {(» ° ai) ° (7°jzi 2 ) + ( 7 o a 2 ) - (T °J4.i)} /k 
S 3 oo = { ? ° sO -^o + i ° (/ ° 0.i Ai ) +7 ° (J° dsz-Aa ) +k° (K'd^JA,)} 

+ {(e °JZlo)^a + (/°JZl 1 ) (' ° ad + iJ-^yCi ° a 2 ) + {K°A 3 )°(k° a 3 )}/k 
2 3 oi = {/°S s0 Jli+t o(fioS.i J4o)} + {(« ^o) (r°ai) + (^i) o ao}/k 

5 3 02 = { /° 5 s0 ^ 2 + 7 ° ° S 2 A )} + {(e °^lo )»(ra 2 ) + (/°^2 ) ° ao }/k 

5 3 03 = { ^° 0so ^ 3 +A: ° (e ° s3 J4o)} + {(e ) o (k o a 3 ) + (Z^ 3 )°flo }/k 

S 3 23 = { 7 ° 5 s2 ^.3) +* (7° 5 s3 ^2)} + {(^2) (k° as) + (K°A 3 )°Q° a 2 )} /k 
S 3 31 = {k ° (/°0 s3 + i (^°0 s i J2l 3 )} + [(K°J\. 3 )° (i • + ° a 3 )}/k 

S 3 12 = { / - (7° sl JZWO + 7 o (/o a s2 JA{)} + {(/ ^1)^ ( 7 a 2 ) + (7°jzt 2 ) • (j ° ai)} /k 

2 4 00 ={-5w0_^-Swl_^l-Sw2^2-Sw3^3 } + {(^ • J4fl ) ° ( ? ) 

+ (7°^ ) ° (/ o^U ) + (J°Ai ) (/^ ) + ( K ) ° (K °JA 3 )} /k 
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+ {(« + °^)}/k 

S 4 02 = {^°({;S w oJ2i 2 )+7°(^ »5 w2 J4o)) 

+ {( e ojzio ) ° ( J°^ 2 ) + ( J°J^ 2 ) ° (e °Ao )} /k 

S 4 23 = { Jo ( £o 5w2 JZt 3 ) + R° ( J° e_ w3 ^2 ) } 

+ {U°A 2 ) o (KoJA 3 ) + (tf°^ 3 ) ° ( J°^ 2 )} /k 

s 4 31 = { (/ o 5 w3 jzLi ) +7 ° s w , ^3 )} 

+ {(^^3 ) ° (7 ) + (/ ) ° (K°JA. 3 )} /k 

S 4 12 = {To (Jo 5w[ JZl 2 ) +/o (/ o ^ ) } ^ 

+ {(/ oJAi ) o ( J°JZt 2 ) + ( J°^ 2 ) ° (/ )} /k 
When the field potential components are limited to the components (do , CL\ , OUi , d 3 ), the 
following equations can be reduced to the Yang-Mills equations. [3-5] 



2 


i 

00 - 


{d s0 Oo-3 s i ci\ -d s2 a 2 - 8 s3 a 3 } 










+ { Oo° do + (i ° 0Li)° (i o ai) + (j ° Ch)° (j ° CVi) + (k ° 


d 3 )° (k ° 


a 3 )}/k 


2 


1 

01 - 


i ° (d s0 a, +e sl do) + {do ° (i ° di ) + (i ° di ) ° do }/k 








1 

02 - 


j ° (d s0 dz + 0S2 do) + { ao ° ( J ° oh ) + (j ° oh ) ° ao }/k 








1 

03 - 


k ° (8 so (h + S S 3 Oo) + { flo ° ( & ° &3 ) + ( k ° #3 ) ° do }/k 








1 

23 - 


{ 7° (k° 3 s2 a 3 )+& ° (j°3 s3 a 2 )} + {(j° a 2 ) °(^° d 3 ) + (k 


3 a 3 ) ( j 


a 2 )}/k 




1 

31 - 


{ k ° (i ° 3 s3 d x ) +i (k 5 si a 3 )} + {(k a 3 ) (i ° d\ ) + (i 


d\ ) ( k 


° a 3 )}/k 


2 


1 

12 - 


{i °(j °d sl d 2 ) + j ° (i ° d s2 di )} + {(i ° d x ) ° ( j ° d 2 ) + ( j 


° d 2 )°(i 


• ai )}/k 



So the Yang-Mills equation is the coordinate transformation of the Eq.(6) in strong-weak 
field. And the above equations show that the Yang-Mills equation is only one special part of 
definition equation (6). 



Table 8. Equations of Yang-Mills field 



Field potential 




Field strength 


2 = (J4/k+0)° JA 


Field source 


\iS = (JAlk+0)* ° 2 


= O* ° 2 



5.2 Three kinds of colors 

In the octonionic strong-weak field, the each flavor of lepton particle is supposed to possess 
the W weak-charge. So the lepton has weak interactions but strong interactions. And there 
exist two new kinds of unknown field source charges in the nature. It is obvious that the W 
strong-charge and the S weak-charge are different to the W weak-charge in the strong-weak 
field, though their field strengths are very close. 

If we mix up the W strong-charge with the S weak-charge and W weak-charge in the field 
theory, it needs three sorts of 'colors' to distinguish the 'mixed' particles. So the each flavor 
of quark has three kinds of colors in familiar strong interaction theory. [6-8] 
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Table 9. Quarks comparison of two field theories 



Octonionic strong-weak field 


Familiar strong and weak theory 


quark, (S strong-charge, S weak-charge) 


Red quark 


quark, (S strong-charge, W weak-charge) 


blue quark 


quark, (S strong-charge, W strong-charge) 


green quark 



In strong-weak field, each flavor of quark particle is supposed to possess S strong-charge 
together with other general charge (W weak-charge, W strong-charge or S weak-charge). And 
the last three general charges are equivalent approximately in the field strength. 

In the familiar strong field theory, above three sorts of quarks are believed to the same for 
each flavor of quark. Therefore it needs three kinds of colors in the familiar quark theory to 
distinguish those quarks. And in the familiar electro-weak field theory, the three kinds of 
colors imply that there 'exists' one kind of weaker field with three kinds of colors. 

5.3 Quantization of field source particles 

5.3.1 Dirac and Schrodinger equations 

In the octonionic space, the strong-strong and weak-weak subfields are generated by the 
particle M which owns W weak-charge and S strong-charge. The S strong-charge current and 
W weak-charge current of the field source particle m are (s s , Sj s , s 2 s , s 3 s ) and (S W , Si™ , S 2 W , 
S3 W ) respectively. When 11 = , the wave equation of particle m which moves around M is 

OV/c + bO)* °(JW/b) = (18) 
Because of | s s | » | s ; s | and | S W | » | Si W |, then (i = 1, 2, 3) 
^V = (J4./k+0)*° {S° (H + k IX X)} 

~ (k sw Ll w W So™ e o y+ k rx Ll s S S S ^ 

+ [ s s lv s y + k sw li w w k rx S W e o A ]/ n + X' °M/k ( 1 9) 

When the sum of last two items is equal approximately to and k lx ix s 7ix = k sw it w w /ix = 1 , 
the above equation can be written as 

147c = (sa + wV ) + i (sai + wV,) + j (sa 2 + wV 2 ) +k (sa 3 + wV 3 ) 

+ e ( k sw sA - wv ) + / ( k sw sAi - wvO + /( k sw sA 2 - wv 2 ) + K ( k sw sA 3 - wv 3 ) 

= (p +* pi +Jvi+k p 3 + e P + /Pi +7p 2 + ^p 3 ) 

where, So™ - wc , s s = sc ; pj = Wj /c = saj + wVj , Pj = Wj /c = k sw sAj - wvj . 
Then 

= OV/c + bO) * o {(Wlc + bO)* o T } 

« {(p +b5 s0 ) 2 - ( P i+ba sl ) 2 - ( P2 +ba s2 ) 2 - ( P3 +ba s3 ) 2 - (P +be w0 ) 2 - (P,+b5 wl ) 2 

- (P 2 +b5 w2 ) 2 - (P 3 +b5 w3 ) 2 + bsO*"^* - bwO*° ( e } • H> 
where, x P = -3^°J/bis the wave function. 

In the above equation, the conservation of wave function is influenced by the field potential, 
field strength, field source, velocity, S strong-charge and W weak-charge etc. When the weak- 
weak subfield is equal approximately to 0, and the wave function is *F = \|/(r)exp(- 1 Et/b), the 
above equation can be simplified as 

= { (p - I E/c) 2 - pi 2 - p 2 2 - p 3 2 - (wv ) 2 - (wvO 2 - (wv 2 ) 2 - (wv 3 ) 2 
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+ bsO*°Jl*-bwO*° (e } "\|/(r) 

~ [ (sa - J E/c) - (l/2wc){ Pl 2 + p 2 2 + p 3 2 } 

+ (sb/2wc) { 0*°JA* - 0*°(e°y )* }] ° V (r) (20) 
where, E is the energy, J is an octonionic unit, J ° I - 1 ; (sb/2w)(0 °J4. ) is the interplay 
item of strong-strong subfield with S strong-charge spin. 

Limited within certain conditions, Eq.(12) of the quantum mechanics of electromagnetic- 
gravitational field in the octonionic space can draw some conclusions which are consistent 
with the Dirac and Schrodinger equations, including the spin and the strong 'moment' etc. 

5.3.2 Klein-Gordon equation 

In the octonionic space, the strong-strong and weak-weak subfields are generated by the 
particle M which owns W weak-charge and S strong-charge. The S strong-charge current and 
W weak-charge current of the field source particle m are (s s , Si s , , s 3 s ) and (So™ , Si w , S2 W , 
S3 W ) respectively. When £ = , the wave equation of particle m which moves around M is 

(W/c + bO) ° (IZ/b) = (21) 
The above equation can be simplified as 

OV/c + bO) ° {(W/c + bO)* ° (M/b)} = 

or 

{(w /c + bS s0 ) 2 - (wi lc + bd sl ) 2 - (w 2 /c + b5 s2 ) 2 - (w 3 /c + be s3 ) 2 - (W /c + bS w0 ) 2 

- (Wi/c + ba w i) 2 - (W 2 /c + bS w2 ) 2 - (W 3 /c + b5 w3 ) 2 } ° (M/b) = (22) 
Because of | s s | » | s^ | and | S W | » | S, w |, then 

yt = (JAlk+ 0)*° {S° (H + k IX X)} 
« (k sw li w w S W e °y+ k rx Li s s s s ^ )/n 

+ [ so ^ s s y + k sw li w w k rx S W e o A ]/ n + X' °M/k (23) 
When the sum of last two items is equal approximately to and k lx ix s 7ix = k sw ix„ w /ix = 1 , 
the above equation can be written as 

yV/ c = (sa + wV ) + i (sai + wVi) + j (sa 2 + wV 2 ) + k (sa 3 + wV 3 ) 

+ e ( k sw sA - wv ) + / ( k sw sAi - wvO + /( k sw sA 2 - wv 2 ) + K ( k sw sA 3 - wv 3 ) 
= (p + i pi +Jvi+k p 3 +e P0+/P1 +/P 2 + ^P 3 ) 
where, S W - wc , s s = sc ; pj = Wj lc = saj + wVj , Pj = Wj /c = k sw sAj - wVj . 
Therefore 

[(po + b5 s0 ) 2 + (P + b5 w0 ) 2 + b 2 { O 2 - (5 s0 ) 2 - (5 w0 ) 2 }] ° (Mlb) = (24) 
When the wave function (Mlb) relates only to the quaternionic space, the above equation 
can be simplified further as 

{(wc) 2 + wcb5 s0 + b 2 O s 2 } ° (Mlb) = (25) 
Limited within certain conditions, Eq.(13) of the strong-weak field in the octonionic space 
can draw some conclusions which are consistent with Klein-Gordon equation. [9-11] 

5.4 The first type of intermediate particles 
5.4.1 Q approximate equations 

In the octonionic space, the strong-strong and weak-weak subfields are generated by the 
particle M which owns W weak-charge and S strong-charge. The S strong-charge current and 
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W weak-charge current of the field source particle m are (so s , Si s , s 2 h , s 3 ' s ) and (So™ , S{" , S 2 W , 
S3 W ) respectively. When (g = , the wave equation of particle m which moves around M is 

(Wlc + bO) ° (J47b) = (26) 
Because of | s s | » | s ; s | and | S W | » | S, w |, then 

^V = (JA/k+0)* ° {S° CR + k IX X)} 
« (k sw li w w S W e °y+ k rx Li s s s s J4. )/n 

+ [ s s li s s y+ k sw li w w k rx S W e o A ]/ n + jzt* o^/ k (27) 
When the sum of last two items is equal approximately to and k rx lx s 7lx = k sw ix w w /ix = 1 , 
the above equation can be written as 

TV/ c = (sao + wV ) + i (sai + wV,) + j (sa 2 + wV 2 ) + k (sa 3 + wV 3 ) 

+ e ( k sw sA - wv ) + / ( k sw sAi - wvO + /( k sw sA 2 - wv 2 ) + K ( k sw sA 3 - wv 3 ) 

= (p + i Pl+JP2+^P3+e P +/Pl +/P 2 +^P 3 ) 

where, So w - wc , s s = sc ; pj = wj /c = saj + wVj , Pj = Wj /c = k sw sAj - wvj . 
Then 

= (Wlc + bO) • {(Wlc + bO)* o } 
~ {(po+b5 s0 ) 2 - ( P i+b5 sl ) 2 - (p 2 +b5 s2 ) 2 - (p 3 +b5 s3 ) 2 

- (p +be w0 ) 2 - (P!+ba wl ) 2 - (p 2 +be w2 ) 2 - (p 3 +bd w3 ) 2 } • t (28) 

where, ¥ = JAJ b is the wave function. 

The above equation can be used to describe the quantum characteristics of intermediate 
particles which possess spin, S strong-charge and W weak-charge. Limited within certain 
conditions, Eq.(14) of the quantum mechanics of strong-weak field in the octonionic space 
can deduce the wave equation and its correlative conclusions. 

5.4.2 The first Dirac-like equation 

In the octonionic space, the strong-strong and weak-weak subfields are generated by the 
particle M which owns W weak-charge and S strong-charge. The S strong-charge current and 
W weak-charge current of the field source particle m are (so s , Si s , s 2 h , s 3 s ) and (So w , Si w , S 2 W , 
S 3 W ) respectively. When Q = , the wave equation of particle m which moves around M is 

(Wlc + bO) ° (J47b) = 

When the energy = 0, the first Dirac-like equation can be attained from above 

bO ° (JVb) = (29) 

As we know, the Dirac equation can conclude that field source particles (quark and lepton 
etc.) possess 'spin' 1/2. In the same way, the above equation can infer that intermediate 
particles (intermediate boson etc.) own spin 1 and have no S strong-charge and W weak- 
charge. And the quantum theory of strong-strong subfield can be obtained. 

Limited within certain conditions, Eq.(14) of the quantum theory of the strong-weak field 
in octonionic space can draw some conclusions which are consistent with the first Dirac-like 
equation, including the spin of intermediate boson etc. [12-15] 

5.5 The second type of intermediate particles 
5.5.1 1" approximate equations 

In the octonionic space, the strong-strong and weak-weak subfields are generated by the 
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particle M which owns W weak-charge and S strong-charge. The S strong-charge current and 
W weak-charge current of the field source particle m are (s s , Si s , s 2 s , s 3 s ) and (So w , Si™ , S2 W , 
S3 W ) respectively. When 7 = , the wave equation of particle m which moves around M is 

OV/c + bO)* ° {Qlb) = (30) 
Because of | s s | » | s ; s | and | S W | » | Sj W |, then 

'W=(JAfk+<»* ° {S° CR + k IX X)} 
~ (k sw li w w S W e °y+ k rx Ll s S s s J4. 

+ [ s s li s s y+ k sw li w w k rx S W e ° JA ]/ n + X °M/k (31) 
When the sum of last two items is equal approximately to and k lx ii s 7ii = k sw it w w /ix = 1 , 
the above equation can be written as 

147 c = (sao + wV ) + i (sai + wVi) + j (sa 2 + wV 2 ) + k (sa 3 + wV 3 ) 

+ e ( k sw sA - wv ) + 7 ( k sw sAi - wvi) + 7( k sw sA 2 - wv 2 ) + K ( k sw sA 3 - wv 3 ) 
= (Po-m pi+Jp 2 +fcp 3 +e P +/Pi +/p 2 +^p 3 ) 

where, S W - wc , s s = sc ; pj = Wj /c = saj + wVj , Pj = Wj /c = k sw sAj - wvj . 
Then 

= OV/c + bO)* ° {(IV/c + bO)* } 
« {(p +be s0 ) 2 - (Pi+b5 sl ) 2 - (p 2 +b5 s2 ) 2 - (p 3 +b5 s3 ) 2 -^(P +b5 w0 ) 2 - (P,+be wl ) 2 
- (P 2 +b5 w2 ) 2 - (P 3 +bd w3 ) 2 + bs > Jl - bwO*° ( e °yf } => T (32) 
where, T = (gib is the wave function. 

The above equation can be used to describe the quantum characteristics of intermediate 
particles which possess spin, S strong-charge and W weak-charge. Limited within certain 
conditions, Eq.(15) of the quantum mechanics of strong- weak field in the octonionic space 
can deduce the wave equation and its conclusions. 

5.5.2 The second Dirac-like equation 

In the octonionic space, the strong-strong and weak-weak subfields are generated by the 
particle M which owns W weak-charge and S strong-charge. The S strong-charge current and 
W weak-charge current of the field source particle m are (so s , Si s , s 2 h , s 3 s ) and (So w , Si™ , S 2 W , 
S 3 W ) respectively. When 1 = , the wave equation of particle m which moves around M is 

OV/c + bO)*°(2/b) = 

When the energy = 0, the second Dirac-like equation can be attained from above 

bO* o (S/b) = (33) 

The above equation can infer that intermediate particles own spin N and have no S 
strong-charge and W weak- charge. Limited within certain conditions, Eq.(15) of strong-weak 
field in the octonionic space can draw some conclusions which are consistent with the second 
Dirac-like equation, including the spin of intermediate boson etc. 

5.6 The third type of intermediate particles 

5.6.1 O approximate equations 

In the octonionic space, the strong-strong and weak-weak subfields are generated by the 
particle M which owns W weak-charge and S strong-charge. The S strong-charge current and 
W weak-charge current of the field source particle m are (s s , Si s , s 2 s , s 3 s ) and (So™ , Si™ , S 2 ™ , 
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S3 W ) respectively. When = 0, the wave equation of particle m which moves around M is 

(Wlc + bO) ° (07b) = (34) 
The above equation can be simplified further as 

(Wlc + bO) o {(Wlc + bO f o (Q/b)} = 

or 

{(w /c +bS s0 ) 2 - (w, Ic +b5 sl ) 2 - (w 2 /c +bS s2 ) 2 - (w 3 /c +bd s3 ) 2 - (W /c +bd w0 ) 2 

- (Wj Ic +bd wl ) 2 - (W 2 Ic +be w2 ) 2 - (W 3 Ic +be w3 ) 2 } ° {(gib) = (35) 
Because of | s s | » | s^ | and | S W | » | S™ |, then 

^W = (JA/k + 0)*° {S° (R + k^X)} 
~ (k sw li w w S w e oy+ kl , li s s s s J4. 

+ [ s s li s s V+ k sw li w w k rx S W e o J4. ]/ n + jzT o^/ k (36) 
When the sum of last two items is equal approximately to and k lx ix s 7ii = k sw ii w w /ix = 1 , 
the above equation can be written as 

y\ll c = (sa + wV ) + i (sa! + wV]) + j (sa 2 + wV 2 ) +k (sa 3 + wV 3 ) 
+ e ( k sw sA - wv ) + / ( k sw sAi - wvi) 
+ J( k sw sA 2 - wv 2 ) + K ( k sw sA 3 - wv 3 ) 
= (p + / pi +Jp 2 +^ p 3 +e P0 + /P1 +/P 2 + ^P 3 ) 
where, So™ - wc , s s = sc ; pj = Wj Ic = saj + wVj , Pj = Wj Ic = k sw sAj - wvj . 
Therefore 

[(p + bS s0 ) 2 + (P + b5 w0 ) 2 + b 2 { O 2 - (d sQ f - (5 w0 ) 2 }] • {(g/b) = (37) 
When the wave function ((gib) relates only to the quaternionic space, the above equation 
can be simplified further as 

{(wc) 2 + wcb5 s0 + b 2 O s 2 } ° (Cjlb) = (38) 
The above equation can be used to describe the quantum characteristics of intermediate 
particles which possess S strong-charge, W weak-charge and spin N. Limited within certain 
conditions, Eq.(16) of the quantum mechanics of the strong-weak field in the octonionic space 
can deduce the wave equation and its relative conclusions. 

5.6.2 The third Dirac-like equation 

In the octonionic space, the strong-strong and weak-weak subfields are generated by the 
particle M which owns W weak-charge and S strong-charge. The S strong-charge current and 
W weak-charge current of the field source particle m are (s s , Si s , s 2 s , s 3 s ) and (So™ , Si™ , S 2 ™ , 
S 3 W ) respectively. When = 0, the wave equation of particle m which moves around M is 

(Wlc + bO) ° (77b) = 

When the energy 0, we obtain the third Dirac-like equation 

b 2 O 1 o (S/b) = (39) 

The above equation can be used to describe the quantum characteristics of intermediate 
particles which possess spin N and have no S strong-charge and W weak-charge. Limited 
within certain conditions, Eq.(16) of strong- weak field in the octonionic space can deduce the 
third Dirac-like equation and its conclusions. 

If the preceding field potential, field strength and field source are extended to four types of 
field potential, field strength and field source of strong-weak field, many extra and also more 
complicated equations set can be gained from Eqs.(5) ~ (16) to describe the copious physical 
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characteristics of the strong and weak interactions. [16, 17] 
5.7 Compounding particles 

In strong-weak field, the intermediate and field source particles can be tabled as following. In 
Table 10, we can find intermediate boson, lepton, three colors of quarks, and other kinds of 
new and unknown particles which may be existed in the nature and expressed in parentheses. 



Table 10. Sorts of particle in strong-weak field 





S strong-charge 


W strong-charge 


S weak-charge 


W weak-charge 


S strong-charge 


(intermediate 
particle) 


green quark 


red quark 


blue quark 


W strong-charge 


green quark 


(intermediate 
particle) 


(?) 


(?) 


S weak-charge 


red quark 


(?) 


(intermediate 
particle) 


(?) 


W weak-charge 


blue quark 


(?) 


(?) 


lepton, inter- 
mediate boson 



In the electromagnetic-gravitational field, the field sources and intermediate particles can 
be tabled as following. In the Table 11, we can find the photon, electron, and other kinds of 
new and unknown particles which may be existed in the nature. 

Specially, by analogy with above three colors of quarks in Table 10, it can be predicted that 
there exist the 'green electron' and 'red electron' in the nature, if the familiar electron is 
denoted as the 'blue' electron. 

Some particles may possess more than two sorts of general charges. If the quarks possess 
the S strong-charge, W weak-charge, E electric-charge and G gravitational-charge, they will 
take part in strong, weak, electromagnetic and gravitational interactions. 



Table 11. Sorts of particle in electromagnetic-gravitational field 





E 

electric-charge 


G 

electric-charge 


E gravitational 
-charge 


G gravitational 
-charge 


E 

electric-charge 


photon 


(green electron, 
dark matter) 


(red electron, 
dark matter) 


(blue) electron 


G 

electric-charge 


(green electron, 
dark matter) 


(intermediate 
particle) 


(dark matter) 


(dark matter) 


E gravitational 
-charge 


(red electron, 
dark matter) 


(dark matter) 


(intermediate 
particle) 


(dark matter) 


G gravitational 
-charge 


(blue) electron 


(dark matter) 


(dark matter) 


mass, (interme- 
diate particle) 
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6. Conclusions 

By analogy with the octonionic electromagnetic-gravitational field, the octonionic strong- 
weak field theory has been developed, including the field equation, its quantum equations and 
some new unknown particles. 

In the strong-strong subfield, the study deduces the Yang-Mills equation, Dirac equation, 
Schrodinger equation and Klein-Gordon equation of the quarks etc. And it is able to infer the 
three sorts of Dirac-like equations of intermediate particles among quarks. It may predict that 
there are some new energy parts, new unknown particles of field sources (quarks) and their 
intermediate particles in the strong-strong subfield. 

In the weak-weak subfield, the research infers the Yang-Mills equation, Dirac equation, 
Schrodinger equation and Klein-Gordon equation of leptons etc. And it is able to conclude the 
three types of Dirac-like equations of intermediate bosons among leptons. It may predict that 
there are some new energy components, new unknown particles of field sources (leptons) and 
their intermediate particles in the weak-weak subfield. 

In the strong-weak field, the paper explains why the quarks possess three sorts of colors 
and take part in four kinds of interactions. The study predicts that there may exist two kinds of 
unknown subfields, which field strengths may be equivalent to that of the weak-weak subfield. 
Sometimes, we may mix up mistakenly the first two subfields with weak-weak subfield. So it 
needs three sorts of 'colors' to distinguish those 'mixed' subfields in the quark theory. 
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